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Novel Genetically Encoded Probes of G-Protein Activation, Calcium
Concentration and Membrane Voltage for Two-Photon Polarization
Microscopy
Josef Lazar1,2, Alexey Bondar1,2, Dzmitriy Turavets2,
Valentyna Kuznetsova2.
1Inst. of Nanobiology & Struct. Biology, Nove Hrady, Czech Republic,
2University of South Bohemia, Ceske Budejovice, Czech Republic.
Two-photon polarization microscopy (2PPM) is emerging as a powerful imag-
ing technique, allowing sensitive imaging of protein-protein interactions and
protein conformational changes in living cells and organisms, often using
existing fluorescently labeled constructs (Lazar J. & al., Nature Methods
2011). Here we present the first generation of genetically encoded optical
probes developed specifically for 2PPM. Our probes allow sensitive, quantita-
tive live cell imaging of G-protein activa-
tion, intracellular calcium concentration,
and changes in cell membrane voltage.3441-Pos Board B596
Two-Photon Excitation and Selective Plane Illumination Microscopy:
A Combination to Minimize Scattering Effects While Imaging Thick
Samples
Zeno Lavagnino1,2, Francesca Cella Zanacchi1, Alberto Diaspro1,2.
1Istituto Italiano di Tecnologia, Genoa, Italy, 2Dept. Of Physics, University of
Genoa, Genoa, Italy.
Imaging thick samples in optical fluorescence microscopy still represents an
open challenge because sample-induced aberrations can lead to a worsening
of the imaging quality and a wrong interpretation of the data collected. Two-
photon excitation microscopy is a suitable tool to enhance the penetration depth
capabilities of a microscopy system but may still be affected by scattering
effects, generating an out-of-focus fluorescence, which can result in a shift of
the intensity excitation distribution (1). Selective Plane Illumination Micros-
copy represents an optimal tool to perform imaging of large samples, and
recently it has been combined with two photon excitation (2) in order to im-
prove the performances of such a system while imaging deep into a scattering
sample. The aim of this work is to characterize how relevant scattering effects
are in distorting the shape of a light sheet. A comparison between single and
two-photon excitation light sheet has been performed measuring the excitation
distribution profiles in fluorescent immobile phantom samples mimicking the
optical properties of some biological tissues. Results show that two photon
excitation is able to preserve the shape of the light sheet even in strong scatter-
ing samples, while single photon light sheet shows a strong shift in the intensity
excitation distribution as penetration depth and scattering strength increase. To
show the performances of the imaging of the system, a 3D reconstruction of
a tumor spheroid, a suitable model for a thick scattering sample, is reported.
1. Theer, P. Denk, W. ‘‘On the fundamental imaging-depth limit in two-photon
microscopy’’. J Opt Soc Am A, 23 (12), (2006).
2. Truong, T. et al. ‘‘Deep and fast live imaging with two-photon scanned light-
sheet microscopy.’’ Nat Methods, 8 (9) (2011)
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STED Microscope Optimization: Neuroscience Applications
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Fabio Benfenati2, Paolo Bianchini1, Alberto Diaspro1.
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The stimulated emission depletionmicroscopy (STED) is a technique that, over-
coming the diffraction barrier, allows distinguishing details of cellular structures
and evenmolecular structures, never been visible before[1]. In order to study the
trafficking of synaptic vesicles synchronized with the electrical activity of the
neuron, we developed a custommade STEDmicroscope based on a supercontin-
uum laser source. In a typical STED microscope, a laser beam inducing stimu-
lated emission is superimposed with an excitation beam. Such a STED beam
typically has a doughnut-shaped focal pattern featuring a zero-intensity point.
When the intensity of the depletion beam at the doughnut crest saturates the stim-
ulated emission transition, the spatial extent of the effectivefluorescence signal is
confined to subdiffraction dimensions. In order to fully exploit the maximum ef-
fective resolution achievable we improved our custom made STED architecture
based on a supercontinuum laser source with several experimental precautions,
i.e. temporal alignment between the excitation and the STED pulses and the po-
larization state of the STED beam [2]. We validated the improvements by imag-
ing calibration and biological samples. The achieved nanometer resolution
disclosesmorphometric properties that are completely hidden to the confocal ob-
servation. Since our aim is to follow in vivo the trafficking of synaptic vesicles,
we moved to a different supercontinuum laser source with an higher repetitionrate, in order to increase the speed in the image acquisition, and an higher inten-
sity for the STED beam, that should provide an increase in terms of resolution.
[1] S. W. Hell and J. Wichmann, ‘‘Breaking the diffraction resolution limit by
stimulated emission: stimulated-emission-depletion fluorescence microscopy,’’
Opt Lett 19, 780-782 (1994).
[2] S. Galiani, B. Harke, G. Vicidomini, G. Lignani, F. Benfenati, A. Diaspro,
and P. Bianchini, ‘‘Strategies to maximize the performance of a STED micro-
scope,’’ Opt. Express 20, 7362-7374 (2012)
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Accurate 3D Fluorophore Localization using Phase Retrieved Pupil
Functions
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When near the focus, the image of a point emitter has little information about the
emitter’s position along the optical axis. To improve the 3D localization preci-
sion, several methods such as astigmatic imaging, double helix point spread
functions, and multiple focal plane strategies have been developed to encode
the axial position in one or more 2D images of the same emitter. In each of these
strategies, a proper model for the 3D microscope point spread function (PSF) is
essential to avoid inaccuracies in localization. Generating PSF models from
phase retrieved (PR) pupil functions has the advantage that the model images
are noise free, can be calculated for any focal plane, and include aberrations
specific to the optical system. This representation can also be extremely com-
pact by representing the pupil function as a set of Zernike polynomials. Here
we demonstrate the use of PSFs generated from PR pupil functions for 3D single
molecule localization based super-resolution imaging using a dual focal plane
setup. We show the phase retrieval process, as well as the details of fast PSF
calculation by implementation on graphics processing unit hardware. We
show a comparison between fitting with ideal, aberration free PSF models
and that generated from PR pupil functions using a variety of cellular structures
including the ER, microtubules and the membrane proteins STIM1 and ORAI1.
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Single Particle Orientation and Rotational Tracking
Ning Fang.
Iowa State University, Ames, IA, USA.
Fully understanding cell mechanics requires knowledge of both translational
and rotational dynamics, as well as their coupling. The knowledge of rotational
dynamics in and on live cells remains highly limited and requires further exper-
imental advances through the development and use of new innovative tools
and novel simulations for their interpretation. The single particle orientation
and rotation tracking (SPORT) technique affords high spatial, angular, and
temporal resolutions simultaneously, for visualizing the rotational dynamics
of anisotropic plasmonic gold nanorods in living cells under differential inter-
ference contrast microscopy. using SPORT, we are acquiring new knowledge
on the fundamental models of microtubule-based intracellular transport and
nanoparticle-based drug delivery vectors.
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Modeling of Illumination-Induced Temperature and APD Gradients
across Myocardial Wall: Implications for Optical Mapping
Arvydas Matiukas1, Arkady M. Pertsov1,2.
1SUNY Upstate Medical University, Syracuse, NY, USA, 2Lithuanian
University of Health Sciences, Kaunas, Lithuania.
High-intensity laser illumination utilized in optical mapping studies can induce
tissue heating and significantly affect action potential duration (APD). Here we
use computer modeling to assess temperature distribution across myocardial
wall and resulting in transmural APD gradients induced by spatially uniform
illumination of the epicardial surface. Analysis was carried out for 530 nm
and 660 nm illumination wavelengths used for the excitation of blue-green
and near-infrared voltage sensitive dyes (attenuation length 1.12 and
2.56 mm, respectively). We simulated superfused slabs of myocardial tissue
with thicknesses ranging from 3mm (rat, guinea pig) to 10 mm (pig) using
the heat transfer equation. We assumed that excitation light decayed exponen-
tially with depth. The temperature of the illuminated surface was maintained
at t=36.5C. The heat transfer and specific heat coefficients were set at
0.531 mW/mm$K, and C= 4200 mJ/g$K, as reported for myocardial tissue.
In 3 mm thick slabs, 530 nm epicardial illumination produces a non-monotonic
transmural temperature profile with the maximum at 1.2 mm under the illumi-
nated surface. The gradient developswith a time constant of 6ms. Themaximum
temperature is proportional to the light intensity, reaching 2.2 C at 5mW/mm2.
According to the literature, this can result in an 17%APD shortening. At 660 nm
the temperature increase/APD shortening is lower (1.1 C and 8%); due to lower
Wednesday, February 6, 2013 671aabsorption, part of red light escapes from the tissuewithout causing any effect. In
thicker 10mm slabs, where less light escapes, maximum temperature is higher
(3.6C and 3.9C for 530 and 660 nm, correspondingly). Compared to 3mm
slabs, the maximum is reached at a larger depth and takes longer to develop.
This research was partially funded by European Social Fund under the Global
Grant measure and NIH grant 5R03TW008039.
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Wanted: Scalable Tracers for Diffusion
Michael J. Saxton.
University of California, Davis, CA, USA.
Scalable tracers are potentially a useful tool to understand diffusion mecha-
nisms and to predict diffusion coefficents, particularly for hindered diffusion
in complex, heterogeneous, or crowded systems. Scalable tracers are defined
as a homologous series of tracers varying in size but with the same shape, struc-
ture, surface chemistry, flexibility, and diffusion mechanism. Both chemical
homology and constant dynamics are required. Specifically, branching must
not vary with size, and there must be no transition between ordinary diffusion
and reptation. Ideally the tracers would be uniform, monodisperse, metaboli-
cally inert cylinders in 2D or spheres in 3D with continuously variable radius
and tunable surface properties. Scalable tracers would facilitate more rigorous
diffusion measurements in which two types of measurements would be clearly
distinguished: using scalable tracers to find the mean diffusion coefficient as
a function of size, and using nonscalable tracers to find the variation due to dif-
ferences in shape, surface properties, and the like. Candidate scalable tracers
are discussed for 2D diffusion in membranes and 3D diffusion in cytoplasm
and nucleoplasm. Specific recommendations for 3D measurements include
the use of synthetic dendrimers or random hyperbranched polymers instead
of dextran, and the use of core-shell quantum dots in which the shell thickness
is used to vary the overall diameter. A set of scalable tracers varying in flexi-
bility would also be useful. These would be made by varying the density of
crosslinking in a polymer, to make say ‘‘reinforced Ficoll’’ or ‘‘reinforced hy-
perbranched polyglycerol.’’ (Supported by NIH grant GM038133.)
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Novel Bio-Imaging Techniques by Harnessing Optical Highlighter
Fluorescent Proteins
Wei Min, Xinxin Zhu.
Columbia University, New York, NY, USA.
Optical highlighters are a remarkable family of fluorescent proteins (FPs) that
could change their excitation and emission spectra upon certain wavelength
illumination. Optical highlighters have been extensively used in super-
resolution imaging, protein dynamics, gene expression and cellular trafficking.
Herein we are harnessing these unique proteins in three different imaging appli-
cations: genetically-encoded microviscosity sensor, ultra-deep tissue imaging,
and light-driven fluorescent timers. First, we report that the photoswitching
kinetics of the chromophore inside Dronpa, a FP with the reversible on-off
switching capability, is actually slowed down by increasing medium viscosity
outside Dronpa. This effect is attributed to protein-flexibility mediated coupling
where the chromophore’s cis-trans isomerization is accompanied by conforma-
tional motion of protein beta-barrel. Based on this effect, we developed a genet-
ically encoded protein-specific micro-viscosity sensor. Secondly, we have
demonstrated a spectroscopy concept to extend the fundamental imaging-
depth limit of multiphoton microscopy by generating super-nonlinearity of
photo-switchable probes. Due to the long-lived nature of these switchable states,
the nonlinearity effect could accumulate as the population is being cycled
through these states. Conceptually different from conventionalmultiphoton pro-
cessesmediated by transient virtual states, our strategy constitutes a new class of
super-nonlinear fluorescence microscopy mediated by real population transfer.
Last, we demonstrate a novel class of light-driven fluorescent timer (FT), based
on the photo-convertible fluorescent proteins. It’s a new method to image the
protein ‘‘age’’ in live cells with a simple snap-shot measurement. This tunable
light-driven FT will be a valuable tool that does not only provide the spatial
location information of an individual protein, but also its temporal dynamics.
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Molecular Imaging Reveals a Novel Yeast Centromere Structural
Transition in Anaphase
Jay R. Unruh, Brian D. Slaughter, Manjunatha Shivaraju, Jennifer L. Gerton.
Stowers Institute for Medical Research, Kansas City, KS, USA.
We use in vivo fluorescence correlation spectroscopy (FCS) and high sensitiv-
ity quantitative confocal imaging to demonstrate a dramatic structural rear-
rangement of the yeast centromere in early anaphase. using FCS, we show
that the yeast centromeric histone, Cse4, is present in the early kinetochore
at a stoichiometry of one protein per chromosome and doubles to two copies
during the structural change. This transition reconciles the controversy betweenprevious results observing both forms in vitro. We have confirmed this result by
quantifying nuclear pore complex stoichiometries which are well known. Fluo-
rescence recovery after photobleaching (FRAP) experiments further confirm
our result, demonstrating centromeric protein addition specifically during
anaphase. Fluorescence resonance energy transfer (FRET) experiments also
confirm the result, demonstrating homotypic interactions only in late anaphase.
The yeast centromere is an important model complex whose functions are cen-
tral to many important biological processes. These results have revolutionized
our understanding of these basic processes and provide fertile ground for future
studies of the kinetochore. Our method demonstrates a unique modality for FCS
and quantitative imaging and will likely provide much needed insight into bi-
ologically important structures in the future.
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Phase Separation in aDMPC/DCHOLMixedLangmuir Film:ACombined
Brewster Angle, Fluorescence and Light Scattering Microscopy Study
Pritam Mandal1, Fanindra Bhatta1, Arne Gericke2, Edgar E. Kooijman1,
David Allender1, Elizabeth K. Mann1.
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Fluorescence microscopy [FM] is one of the most direct imaging techniques for
in situ observation of morphology and phase-separation at the macroscopic
scale [1] in lipid mono- or bi-layers. However, the presence of fluorescent
dye-molecules can affect the system. In Brewster Angle Microscopy (BAM),
one can image monomolecular Langmuir films without probes. Here, using
a composite set-up of BAM, FM and Light Scattering Microscopy (LSM),
we present a comparative study of the three techniques on a binary lipid mix-
ture in the presence of two different probes. In most cases, all three techniques
show precisely the same domains. However, depending on conditions, some
domain types were more evident in one technique than the others. This estab-
lished, we can directly test the influence of probe on the domain structure. The
appearance of collapsed cholesterol-rich crystallites with film compression, and
the influence of probe on this collapse, is also discussed.
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Micro-Absorption Spectroscopy at the Single Cell Level from the
Ultraviolet to the Near-Infrared
Fatholah Salehi, Sanghoon Park, Alfons Schulte.
Department of Physics and College of Optics, University of Central Florida,
Orlando, FL, USA.
Micro-absorption spectroscopy provides a label-free nondestructive probe of
biomolecules and their interaction at the single cell level. Our setup employs
a confocal detection system to probe and spectrally resolve the attenuation of
a white light beam in the axial direction. The method can be used to study cells
in their native environment with a spatial resolution of two micron. We present
measurements in the UV spectral range (220 - 350 nm) where aromatic amino
acids and bases in nucleic acid absorb. To establish the accuracy of the method,
we have measured the concentration dependence of the optical absorption of
tryptophan, phenylalanine and DNA bases in a microcapillary with 50 micron
pathlength and a volume of a few hundred nanoliters. The absorption in the mi-
cro setup is found to vary linearly with concentration. We explore applications
to protein and DNA solution in nanoliter quantities and single cells.
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Label Free Fluorescence Lifetime FRET Imaging
Vinod Jyothikumar, Yuansheng Sun, Ammasi Periasamy.
University of Virginia, Charlottesville, VA, USA.
Multiphoton microscopy with endogenous contrasts in biological tissues have
primarily focused on detecting signals from the reduced nicotinamide adenine
dinucleatide (NADH), its dinucleatide phosphate (NADPH), riboflavins, and
tryptophan. All these fluorophores have emission in the wavelength range of
400-600 nm. According to an earlier studies on the autofluorescence spectros-
copy of ex vivo leukocyte samples under linear (one photon) excitation condi-
tions, signals from the tryptophan (TRP) moieties in cellular proteins should
be much stronger than signals from NAD(P)H on the per cell basis. In recent
years, considerable interest has been developed in the effect of various diseases
upon the metabolic pathway of L-tryptophan and its derivatives. We describe
a newmethod for imaging tumorigenic and non-tumorigenic cell lines by 3-pho-
ton exciting of the endogenous protein fluorescence in the ultraviolet (UV) spec-
tral region, where tryptophan is the major fluorophore. Through systematic
analysis of FLIM data from live cells, a statistically significant decrease in the
fluorescence lifetime of TRP was observed in response to the increase in pro-
tein-boundNADHas cells were treatedwith glucose. Addition of glycolytic sub-
strates significantly quenches tryptophan lifetime. The results demonstrate the
potential use of 3P-FLIM-FRET as a tool for label free screening of the change
in metabolic flux occurring in human diseases or other clinical conditions.
